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This study was concerned with assessing visual and auditory short
term sequential memory skills in normal children. The contention
of the study was that discrete functions were being tapped. It was
felt that the difference between visual and auditory sequencing
ability would then be reflected by the subjects performance on the
visual sequencing test and on the auditory sequencing test. The
auditory measure used was the Denver Auditory Phoneme Sequencing
Test, (DAPST). Visual sequencing ability was assessed by a measure
based on the DAPST but modified to allow for a visual method of pre
sentation. It was of interest to the present study to explore the
potential for the development of normative data that would apply
to such a visual sequencing test. Seventy-two subjects between the
ages of 6 years and 11 years were administered both the visual se
quencing test and the auditory sequencing test. .Half of the sub
jects received the auditory measure followed by the visual measure,
the remaining half received the visual measure followed by the
auditory measure. One hundred and forty-four scores were collected
and subjected to a three-way analysis of variance with one repeated
measure variable (the order of presentation) and two between group
variables (order of presentation and age). Significant inter
actions were analyzed through a pair-wise multiple comparison using
Scheffe contrasts.
The results of the analysis of variance revealed that a develop
mental trend existed for both auditory and visual sequencing skills.
At each age level tested visual sequencing ability was superior to
auditory sequencing ability. Order of presentation was not found
to be a factor unless the visual test was administered before the
auditory test. It was felt that the results indicated the feasi
bility of developing normative data for such a visual sequencing
test.
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CHAPTER I

INTRODUCTION

It is generally accepted that short-term memory is im
portant for the acquisition and retention of learned material
This ability is most commonly assessed by presenting stimuli
of low-associational value and requiring the subject to re 
call sequentially the span presented

(Kirk and Kirk,

The Illinois Test of Psycholinguistic Abilities
McCarthy and Kirk, 1961)

1973).

(Kirk,

includes a visual and auditory short

term sequential memory subtest which measures short-term
function in this manner.
gence Scale

Portions of the We.chsler Intelli

(Terman and Merrill,

1960)

this function in a similar manner.

among others, assess

All of these measures

tap short-term sequential memory using stimuli of lowassociational or meaningful value, as opposed to using stimu
lus of high-associational value.
ing Aptitude

The Detroit Test of Learn

(Baker and Leland, 1935) includes subtests

which are exceptions to this tendency, however,

this measure

does not require the subject to sequence the stimuli.
Recently,

the Language-Structured Auditory Retention Test

was developed and standardized by Carlson

(19 75).

This

measure uses high-associational value stimuli, requiring
sequential retention of sentences.

It measures auditory

short-term memory, but probably includes semantic and syn
tactic clues as well.
The Denver Test for Auditory Phoneme Sequencing offers
yet another alternative for assessing auditory short-term
sequential memory

(Aten, 1972).

This measure assesses the

ability to retain sequential phonemes.
series of words,

The subject hears a

from two to six items, in which items with

minimal phonemic variance are presented.
tain and recognize the sequence visually.

He must then re
This measure does

not include a visual subtest.
The goal of this research was to explore the potential
for the development of normative data that would eventually
apply to the development of an assessment tool for visual
sequencing, ability, based on the Denver Test.

There are, at

present, no tools which assess visual short-term sequential
memory using meaningful stimuli with minimal phonemic varia
tions among w o r d s .

Short-Term Memory

It has been stated that short-term memory is a neces
sary component for normal learning, whether that normal
learning be speech and language or other skills

(Adams, 1967).

One rationale for that statement was the fact that short
term memory was felt to be a necessary element of an infor
mation processing system (Miller, 1956; Broadbent,
Norman,

1970; Melton,

1963).

Norman

1958;

(1970) suggested a
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general system for information processing that is based on
perception and memory.

He defined perception as those pro

cesses involved in the initial transformation of physical
stimuli into sensory signals from which an image is made and
identified.

Memory is defined by Norman as that process

which retains the material sent from the perceptual system.
He stated that the distinction between short-term memory and
long-term memory assumed that material in short-term memory
decayed so rapidly that it disappeared within ten to twenty
seconds after presentation, depending on the number of items
entering simultaneously.

Material was more permanently

stored in long-term memory, but the likelihood that an item
in short-term memory would enter long-term memory depended
on the attention paid it and the types of operations pe r
formed. on it.
This concept of viewing short-term memory as a part of'
an information processing system has been supported by sev
eral authors, among them Miller

(1956), who stated that in

processing information the amount transmitted became the
measure of the input versus the output.

He felt that experi

mentally the task was to measure the actual amount of infor
mation that was transmitted, which was a function of the
input.

Miller hypothesized that the amount of information

transmitted would increase to a channel capacity, which re
presented the greatest amount of information that a person
could give us about the stimulus on the basis of an absolute

judgment.
capacity

It was Miller's contention that the channel
(sensory channel)

ranges from three to fifteen abso

lute judgments or 1.3 to 3.9 bits of information, bits being
units of information.

Each time the number of alternatives

was increased by two, one bit of information was added.

It

was his hypothesis that this was a relatively fixed channel
capacity for short-term m e m o r y .
This notion of capacity limits in short-term memory is
one of the most accepted distinctions between it and longterm memory.

There are, however, other distinctions that

should be considered.

Melton

(196 3) proposed a general

theory of memory offering two distinct storage areas; short
term and long-term memory.

He offered the following charac

teristics of each store:

Norman

1.

Short-term memory involved activity traces
(perceptual images of sensory stimuli).
Long-term memory involved structured traces
(images to which categorization or grouping
characteristics of the individual have been
applied).

2.

Short-term memory involved autonomous decay
of the traces.
Long-term memory involved irreversible non
decaying traces.

3.

Short-term memory had a fixed capacity, being
subject to overload and loss of information..
Long-term memory was expansible, failure of
retrieval being due to the incompleteness of
the cue or interference from previously or
subsequently learned associations.

(19 70) delineated the characteristics for two memory

stores in basically the same way.

He named the following as

characteristics of short-term memory:

limited capacity,

forgetting as a function of interference resulting from pro
active or retroactive inhibition, and decay of the memory
trace while in the short-term s to r e .
These models provide a general framework for short-term
memory by describing the characteristics of that process.
These characteristics serve as distinguishing features b e 
tween short-term memory and long-term memory.

The following,

section will consider the capacity distinction in short-term
memory.
Katona

(19 40) viewed the concept of a limited capacity

in short-term memory by saying that when grouping of the
items was not used the capacity limitations of short-term
memory caused rapid loss of information.

He pointed out that

if the stimuli are grouped these limitations could be over
come.

He saw stimuli as being meaningful if the existence

and quality of the parts were determined by the structure of
the whole.

Peterson and Peterson

(1959) similarly viewed

capacity limitations as being a function of.the organization
of the stimulus.

They pointed out that if a subject devel

oped an association for an item, the retention of that item
improved.

They suggested that this .represented an interplay

of new material in short-term memory and well-learned associ
ations in long-term memory which resulted in increased short
term memory capacity.

Peterson, Peterson and Miller

(1961)

found that meaningful words had almost perfect recall, as
compared to rapid forgetting of syllables.

They felt that

associations were formed for most of the stimulus words and
that the result was high retention.
(1964), and McNulty

(1965)

Schaub and Lindley

found similar evidence, all imply

ing that retention was better for meaningful stimuli than for
nonmeaningful stimuli due to the fact that capacity limita
tions can be overcome to a degree with this organizational
variable applied.
Aborn and Rubenstein

(1952) suggested that immediate

memory be seen as a store of constant capacity in terms of
information.

This implied.that the capacity of short-term

memory depended on the informational value of each item and
not on the number of items presented.

The limit on short

term memory being one of handling information.

Pollack

(1953)

disagreed stating that the percentage of information lost in
a situation depended on the number of discrete units given
and not on the informational value of the items.

Brown

(1958)

supported Pollack's contention stating that the span of short
term memory, was a relatively fixed number of items, irrespec
tive of informational content.

He felt that unless the

redundancy of the items was high, order effects and not the
associational value of the stimuli would mediate recall.

In

support of his argument he pointed out that high recall for
words in a sentence may be the result of language constraints
which predetermine the order of the words, implying high re
dundancy.

This, Brown felt, reduced the amount of order

information the Ss must retain.

The capacity limitations of Short-term memory are welldocumented, but very little evidence can be found concerning
the capacity limitations of long-term memory.
Peterson

(1959)

Peterson and

suggested that the paucity of information

concerning the capacity limitations of long-term memory
might be due to the. fact that any study of the process which
was of sufficient scope and magnitude would be almost an
impossible task.

They suggested that capacity of long-term

memory could only be measured as a function of what has been
forgotten and cannot be retrieved.
Consideration should be given to the trace decay theory
which describes the loss of information from short-term
memory.

A discussion of-the decay theory will be followed

by a consideration of the interference theory.

interference

may be seen as an alternative explanation of What causes the
loss of information while it is stored in short-term m e m o r y .
Brown

(195 8) advanced a theory of short-term memory

suggesting that the memory span was the capacity of short
term memory.
occur.

When the span was exceeded,

forgetting would

He suggested that when a sequence of items was pre

sented, the interval between the perception of each item and
the recall of the stimuli depended on .the length of the se
quence.

If the sequence exceeded a certain length, decay of

the memory traces fqr some of the items would, proceed to the
point where accurate recall of the entire sequence was not
possible.

Broadbent

(1958)

saw the span of immediate memory
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as the function of the length of the sequence, which he felt
was a measure of time.

The theory implied that decay of the

trace occurred with the passage of time, and was responsible
for loss of information from short-term memory.
The interference theory of forgetting represented an
alternative explanation of the phenomenon of forgetting *
Adams

(196 7) defined the interference theory of forgetting

by saying that there were certain classes of responses that
occurred before the acquisition of criterion responses that
would later be tested for retention, or between acquisition
and test, which caused a decrement in criterion behavior.
This decrement was what we call forgetting.

Adams went on

to point out that the interference theory was an active
theory because it was based on. experiencing certain events,
while the trace decay theory was passive since it relied on
the passage of time to effect change.

He pointed out that

interference implied forgetting may increase or decrease as
a function of the amount and type of interfering experience.
Trace decay, on the other hand, produced forgetting which
was independent of experience.

Underwood

(1957) named two

types of interference that he suggested were causal to for
getting.

They were proactive and retroactive inhibition.

The following discussion will consider the basis for the.
interference theory of forgetting, as well as considering
the proactive-retroactive inhibition paradigm.

The trace decay theory was opposed as early as 1922 by
Wulff.

A follower of Gestalt psychology,- he felt that the

trace was not in perfect agreement with the original stimulus.
Over time the subject tended to modify the trace towards an
ideal, which he felt accounted for the errors in retention.
Perkins

(1932), Carmicheal, Hogan and Walker

(1932) also

found support for this phenomena, calling it normalizing.
According to Riley

(1962) the disagreement stemmed from the

fact that the trace decay theory assumed that the passage of
time was responsible'for the fading of the originally pe r
ceived trace whereas,

the opponents of that theory felt that

the perceptual mechanism itself was responsible for the
changes in the traces.
McGeoch

(19 32) disagreed' with the trace decay theory

asserting that interference was the primary factor in forget
ting.

Baddeley

(196 4) and Baddeley and Dale

(1966) pointed

out that if the trace decay theory was correct,

forgetting

should be. a function of time, whereas if the interference
theory was correct,

forgetting, should be a function of re

called items, regardless of time; they felt that there was
more evidence to support an interference theory.
Underwood
ference theory,

(1957) hypothesized that according to inter
forgetting must be a function of the learn

ing of tasks which interfered with that which had already
been learned.

Underwood.felt that the real interference

stemmed from tasks that were previously learned, termed
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proactive inhibition.

He contended that the passage of time

was the critical variable in proactive inhibition.
inhibition,

Proactive

then, increased as duration increased. ' Secondly,

proactive inhibition varied as the function of the strength,
of associations.

If the material and situation was' similar,

proactive inhibition effects increased.
ful material facilitated forgetting.

Finally, nonmeaning

Underwood pointed out

that the amount of interference was a positive correlate of
the similarity and the associated strength of the stimuli.
Proactive inhibition represents one basic paradigm of
interference theory, the other is retroactive inhibition.
Retroactive inhibition occurs after the presentation of the
stimulus material and before report.

Here the retention

interval is deliberately filled with interfering activities
(Adams, 1967).

Melton and Irwin

(1940)

found that the amount

of retroactive inhibition was directly related to the amount
of learning.

In support of this statement, they found that

in serial learning of CVC combinations, original responses
were effected, by the .learning of more recent responses.
Melton and Irwin

(1940) suggested that interference may be a

process of weakening the original responses.

Broadbent

,(1965) discussed retroactive inhibition as a reason for
rapid forgetting suggesting methods of producing interfering
material that could be used to induce this forgetting.

He

felt that the associational value and similarity of the mate
rial, as well as the duration of the presentation interval

n
would increase the degree of retroactive inhibition.
Broadbent

(196 5) pointed out that the rate of forgetting

seemed to be most dependent on the amount of independence
that exists between items.
Proactive and retroactive inhibition represent the basic
paradigms for the interference theory of forgetting.

They

are presented here as being in opposition to the trace decay
theory, but it is possibly more beneficial to consider these
two theories as functioning together in memory.
Waugh

(1965)

Norman and

advanced a theory that the span of immediate

memory was limited by'an inability to retain and rehearse
early items in a sequence while attempting to store later
ones.

They pointed out that the trace decay theory implied

that the passage o f ,time was the reason for the loss of in 
formation, not taking into account interference.

These two

authors maintained that both decay and interference operated
during the brief intervals between presentation and recall,
and that they produced forgetting.

In support of such a

theory, they stated that while trace decay implied that no.,
n e w information was entering short-term memory during the
presentation-recall interval, the fact was that each item
attended to during this interval entered short-term memory.
New items displaced old ones that were then permanently lost.
It was only due to rehearsal that an item remained in shortterm memory and entered long-term memory.

The capacity of

short-term memory was then the function of the amount
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perceived and the number of items not forgotten during the
presentation-recall interval.

Visual Short-Term Memory

There is evidence to support the contention that there
is a visual short-term memory function which is distinct from
auditory short-term memory.

Some of that material would

appear relevant to the present study.

Sperling

(1960) ad

vanced a theory stating that in visual short-term memory more
is seen than can be remembered.

He felt that this implied, a

limit on the memory span, and a limit on the memory report.
Sperling contended that if the amount of information pre
sented exceeded the span, not all of the information could
be reported.

This was referred to as a partial report which

he felt was what usually was given in a classroom or academic
test situation.

In this situation more information was

available than could be reported.
of consonants without vowels

Using visual presentation

(to avoid forming a syllable)

as stimuli for short durations, Sperling found that capacity
limits in visual short-term memory ranged from 3.8 to 5.2
items.

Tachistos.copic presentation of single letters for

5 msec, per item was used in this experiment.

The exposure

time was constant, unless the duration of stimulus presenta
tion was an experimental parameter.

The number of items

recalled for several trials remained an invariant character
istic of the individual.

He found that the duration of
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exposure between .0015-.5 secs, per item was not an important
factor in recall for the material he presented.

Beginnings

and endings of a sequence of items were not recalled more
frequently than medial items.

In auditory presentation first

and last, items are more often recalled,

Sperling did not

feel that the visual stimuli was transformed into an auditory
form for storage, stating that there persisted an after-image
which was used for recall, as opposed to auditory rehearsal.
Averbach and Sperling

(1961) attributed one difference b e 

tween visual and auditory short-term memory to the fact that
in visual short-term memory a delay in report did not sig
nificantly decrease the amount of information recalled.
Using tachistoscopic presentation of single items they found
that after a five-second delay as much information was avail
able as after a one-second delay.

Massa

(196 7) , building on

the work of Averbach and Sperling, suggested that in visual
short-term memory the read-in process was quite rapid, but
that the read-out process was much slower than in auditory
memory.

He attributed this difference to the fact that the

scan or read-out process continued after removal of the
stimulus which he felt was eidetic
image) or pictorial storage.
blocks, as opposed to singly.

(retained as a visual

The items were presented in
This may be seen as a spatial

versus temporal mode of presentation.
(1961)

Averbach and Corriell

supported a visual short-term memory which featured

pictorial storage, continued scan and read-out after.removal
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of the stimulus, and the fact that an after-image persisted
after the removal of the stimulus.

In this experiment a

spatial mode of presentation was used.
Kroll, Parks, Parkinson, Bieber and Johnson

(1970)

noted that much of the early research implied that auditory
memory was the cornerstone of short-term memory.

Their ex

perimental work seemed to suggest that visual items were, re
tained longer than the auditory items.

Kroll et al. denied

the existence of auditory sub-vocal rehearsal, but instead
reported that the £s held a visual after-image on which they
based their report.

Parkinson

(19 73)

found that the reten

tion for visual- material was better than .for auditory when
several seconds of interfering stimulus was inserted between
presentation and recall.

He also reported that retention of

auditory material was impaired when intervening stimulus was
similar which was not the case in visual memory.

Parkinson

contended that in auditory memory after a one-second delay
performance was superior to visual memory.

However, after.a

twenty-second delay, visual memory was far superior to audi
tory memory.

This seemed to support the evidence for a visual

after-image which persisted after removal of the stimulus.
Shepard

(1967) used stimuli that were selected for meaning

fulness and memorable value.

He found that recognition for

visual stimuli was far. superior to recognition for auditory
stimuli.

This suggested another basis for considering them

as being separate stores.

Mackworth

(1962)

found that digits
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visually displayed for .5 seconds were not as well remembered
as digits displayed for durations of up to ten seconds.

Her

findings suggested that recall for visually displayed stimulus
were positively related to the duration of presentation.
Mackworth also reported that digits arranged in blocks and
presented together were better recalled than digits present
ed singly.

This was true even when the duration of exposure

for single items was twice that for items presented in blocks.
She hypothesized that this difference may have, been due to
the movement of the eye which might fail to fixate if it
must adjust to rapid movement.

Second, that the image is

seen as an after-image when the brief exposure leaves a trace
from which the items presented can then be read.

It was

hypothesized that the after-image probably only represented
the last picture shown.

If this were the case only one

image would be preserved when items were presented singly.
This would greatly affect the number of items that could
then be recalled.

Mackworth

(1963) again using taphisto-

scopic presentation of blocks of items found that the rate
of presentation did not affect recall.

Using the values of

.75 to .5 seconds for presentation of each item, she found
that increasingly longer presentation intervals did not
change the amount of the order recalled for visual stimulus.
Message length was not.found to be a factor.

She also con

cluded that following brief presentations of a display a
visual image persisted for about one or two seconds and the
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amount recoverable from this, image depended upon the rate at
which its contents could be recognized.

She felt that since

the time required to identify the items was long e r‘than the
duration of the display, it was necessary that the items be
stored until they were named.
Several authors have disagreed with the concept of
separate stores for visual and auditory short-term memory.
Sperling

(1967) pointed out that visual stimulus was re 

hearsed by mumbling the entire sequence.

He felt that this

rehearsal suggested an obvious memory mechanism, wherein the
subject heard himself saying it and then remembered the
auditory image.

Norman

(1969) similarly, suggested that

auditory subvocal rehearsal was basic to retention of visu
ally presented stimuli.

Atkinson and Shiffrin

(1968) also

found that auditory rehearsal was a prerequisite for visual
recall.

They stated that auditory memory was the corner

stone of short-term memory, while visual memory was mainly
a rapidly decaying trace.
Perhaps an answer lies with the suggestion made by
Carmicheal, Hogan and. Walker

(1932) who found that verbal

stimuli were recalled as a combination of both stimulus
modes, . They felt that this represented a new process which
was the result of both visual and auditory short-term memory.
Examination of the research would seem to imply that visual
memory exists as being separate from auditory short-term
memory, but how this manifests itself in learning is diffi
cult to describe and not well-documented in the literature.

17
Factors Affecting Short-Term Memory

In the following section the factors that can affect
the acquisition and retention of information entering short
term memory are considered..

The first of these f a ct o rs .to

be discussed is.the manner of report.

Kintsch

(1970) de

scribed a two-process theory for recognition versus recall
which maintained that the basic difference lies in the
part.ial-response in recognition wherein one can recognize an
item by retaining any one characteristic of it, while recall
of only one part of an item was usually insufficient to
reconstruct the entire item.

Kintsch suggests, that the basic

difference is that recall involves a search process and rec
ognition does not.

For recognition, retrieval requires that

the subject match an item which was sensorily present to its
corresponding representation in memory.

If the response and

familiarity satisfy criterion, then the subject said it was
recognizable.

McDougall

(1904)

stated that a "sense of

familiarity" was aroused which sufficed for recall.

Kintsch

pointed out that in recall experiments the Item was retrieved
as a part of a larger structure and the retrieval process
involved moving from one trace to another.

In terms of re

call experimentation, the problem was. one of measuring the
relationships existing in long-term memory which aided in
the memorization process.
Estes and DaPolito

(196 7) argued that recognition is

independent of the subject's intention to learn and rehearse
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the material, but that rehearsal greatly increased recall.
Studies have shown that while frequently used words produced
better recall
tion studies
1967).

(Hall, 1954), this was not the case in recogni
(Schwartz and Rouse, 1961; Gorman, 1961; Shepard,

Postman

(1955)

found that if the subjects were in

structed to organize and memorize material themselves, recall
was superior to recognition.

However, recognition was equally

good whether or not subjects were told to memorize.

Kintsch

(19 70) hypothesized that recognition was automatic, whereas
recall presupposed active learning on the part of the subject.
Shepard

(1967), using normal adult subjects, found

higher recognition for visual stimuli than for auditory
stimuli.

Brown

(1965)

found recognition to be superior to

recall for both visual and auditory stimuli, but stated that
while recognition was superior this difference has been
exaggerated; and that when the "lucky guess" was controlled
for this difference might, be greatly reduced.

What is cer

tainly the case is that different limits should be expected
based oh whether the stimulus retention is assessed by
recognition or by recall.
Another factor in need of consideration is serial order
effects.

Tulving

(1962) concluded that subjects imposed a

sequential order on their recall of material'.

This se

quential order increased with repeated exposures and rehears
al of the information.

He felt that there was a positive

correlation between organization based on serial order effects

19
and performance.

Mackworth

(196 3) found that for visual

stimuli learning proceeded in the order of presentation even
\

if the subjects were not asked to learn sequentially.
Sperling

(I960)

found that although both visual and auditory

information was rehearsed serially, visual stimuli was most
often recalled serially, first items being recalled more
often than medial items and medial items more often remem
bered than final items.

For auditory stimulus beginnings

and endings were recalled most often according to the find
ings of. Robinson and Brown

(1962).

Kay and Poulton

(1951)

found that if the subjects were not asked to learn sequen
tially they might not do so, but would always recall first
items presented as opposed to later items.

Broadbent

(1958)

also made a case for order effects stating that the first
and last items presented were best recalled due to rehearsal.
He contended that subjects learned serially from first, to
last and. that rehearsal would follow such a pattern.

If, as

he was rehearsing, the trace fades, it was due to the order
effect and the passage of time between rehearsal and recall.
Brown

(1955) suggested that since not all items could be re

hearsed simultaneously,

the trace faded as the subject

attempted to rehearse the sequence.

Leon

(1964)

found that

retention was maximal for the.first item in a series, but
decreased as a function of previously learned items of a
similar nature.

He felt that this may have been a result of

acoustic similarity among verbal items.
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The idea of acoustic similarity having an impact on
auditory processing is well-documented.

Conrad

(1963)

sug

gested a model for predicting memory span in terms of
acoustic confusion among the test.items.

He felt that the

span in this case might be quite independent of the informa
tion per item, stating that if the vocabulary size was con
stant the memory span was a function of problems in acoustic
confusion.

Conrad and Hull

(196 4) found support for the

supposition that memory span might be effectively independent
of information per item and might depend on the presence of
acoustic confusion.

They argued that sequences constructed

for acoustically homogeneous words would be more difficult to
recall than those drawn from acoustically heterogeneous
words, again suggesting that the acoustic nature of the
vocabulary might be a more important variable in determining
memory span than the size of the vocabulary from which the
material was drawn.

Wickelgren

(1966)

found that letters

following previously presented letters tended to be sub
stituted for each other in recall.

He suggested that the

prior item was an important clue in serial lists and that
there was only one internal representation of an item no
matter how many times it was presented.
In terms of the discrimination of acoustic items there
is evidence that acoustic confusions do affect performance.
The meaningfulness of the auditory stimuli is an important
variable affecting performance both in discrimination test
ing and in short-terrn sequential memory.

Miller and Nicely

21
(1955) pointed out that if isolated words, digits or letters
were the only message,

then an error was effective in com

pletely altering the message.

There was no redundancy which

the listener could use to correct an error.

In connected

discourse, redundancy was high and errors could be detected
as a function of the context of the message.

Typically, we

do not test either discrimination or short-term memory as a
measure of comprehension of the information in the entire
message.

Berger

(1971) stated that tests of discrimination

required the listener to perform tasks that they would never
be called upon to do otherwise.

Bartlett

(1950) made a sim

ilar comment concerning short-term memory stating that imme
diate memory must operate under conditions much different
from those found in assessment, by virtue of the fact that
under normal conditions more than a few discrete units are
being presented and attended to simultaneously.
In terms of short-term memory, meaningfulness of the
items appears to affect their retention.

Mandler

(1967) sug-^

gested a theory of short-term memory based on the meaningful
ness of the stimuli and organization of the stimuli, pointing
out.that this organization is necessary for memory.

Within

this framework words were organized in successively higher
order categories.
gory.

This storage was limited in any one cate

He felt that memorization or learning depended on the

organization of the material as opposed to the number of
trials,

for example.

Some of the research concerning the
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effect of meaningful material on retention in short-term
memory has already been presented, it is presented here as
a factor affecting short-term memory. ,

Summary

The following characteristics of short-term memory would
appear to emerge from the preceeding discussion.

There is a

limited capacity for storage of information or discrete units
in short-term memory.

When organizational strategies were

applied to the stimuli or depending on the stimuli itself,
the limitations on capacity could be overcome to a degree.
The reason for the limits on capacity in. short-term memory
seemed to be related to the problem of forgetting
1967).

(Adams,

Forgetting has been represented as being the result

or interference from previously or subsequently learned mate
rial and from decay of the memory t ra c e .

These processes

seemed to be facilitated by the similarity of the stimuli,
the associational value of the material and the duration of
the presentation interval.
Visual short-term memory differed from auditory memory
in that the stimulus may be stored as pictoral images rather
than being remembered as linguistic representations.

This

was the basis for considering visual short-term memory as
being distinct from auditory short-term memory.

Another dis

tinction was the hypothesized existence of an after-image in
visual memory which persisted after removal of the stimulus.
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It should be noted that due to the after-image the presenta
tion interval

(above certain limits)

retention of visual items.

is not critical to the

The presence of a visual after

image served as the means of rehearsing and therefore re
calling visual stimulus.

This method of retaining informa

tion would eliminate the need for auditory sub-vocal, rehearsal.
That particular strategy was always found when auditory stimu
lus. was presented and was often.assumed to be used for visual
items as well.

It should be noted that the value of the

visual after-image as a means of retaining information seemed
to depend on whether the items were presented singly or in
groups.

According to Mackworth

(1962), the after-image in

creased recall for only those items which were presented in
groups, or in spatial orientation.
The manner of report for both auditory and visual short
term memory was affected by two factors:
recall and serial order effects.

recognition versus

It has been demonstrated

that using recognition as the manner of report will yield
greater limits than would be found for recall.
sistently the case in the literature.

This was con

Serial order effects

were found to exist for both visual and auditory short-term
memory.

Subjects imposed a sequential order on retention

whether or not they were instructed to do so.

Beginnings

were retained more often than items occurring later in the
sequence.

This was true for both auditory and visual short

term memory.

It should be noted that there are differences
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between the two for the retention of medial and final ite ms .

Statement of the Problem

The present study was concerned with visual short-term
sequential memory.

It seemed reasonable to suggest, based on

the literature already presented,.that such a store existed
and is distinct from the auditory store.

If this were not

the case, evidence of auditory sub-vocal rehearsal would be
expected when stimuli was presented visually.

Of particular

interest to the present study was the ability to retain in
sequential order pictures whose linguistic representation
was a word.

Between the stimuli

(one to.six w o r d s ) , there

were at least two phonemic variations, which implied a change
in meaning although the words sounded very similar;
example,

fan-can-pan.

for

This study attempted to assess visual

short-term memory when the stimuli were pictoral representa
tions of high-associational stimuli, whose linguistic, repre
sentation was a word.

The manner of report was recognition.

The stimulus and test construction were based on the Denver
Auditory Phoneme Sequencing Test
According to Aten

(Aten, 1972).

(19 72) learning to perceive and repro

duce language requires rapid serial discrimination judgments.
Once the judgments were made they must be retained in short
term memory for further processing.

Although Aten was refer

ring to auditory input, the same reasoning could be consid
ered to apply to visual input.
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The present study provided data comparing the capacity
of visual short-term memory to that of auditory short-term
memory using stimuli of high-associational value.
Auditory Pheneme Sequencing Test

The Denver

(DAPST) was standardized

for an auditory mode of presentation but not for visual.
This research utilized the DAPS t as it is now constructed
and compared those results to a modified version of this
test using a visual mode of presentation.

These results

were expected to indicate whether or not a difference existed
between visual versus auditory short-term sequential memory
span when high-associational stimuli was used.

The study

was also expected to indicate if a developmental trend for
visual short-term sequential memory was supported and how this
compared to the developmental norms that the DAPST
compiled for auditory short-term sequential memory.

(19 72) has
It would

hopefully serve as an initial exploration into the feasi
bility of eventually standardizing a visual short-term sequen
tial memory test based on the DAPST material.
In terms of clinical applications a test which assessed
both auditory and visual short-term sequential memory would
be helpful in determining a child's strengths and weaknesses
for sequential material.

If the clinician knew which channel

was the strongest more information would be available for
therapeutic planning.

The span for short-term memory has

been called an invariant characteristic of the individual,
however, there may be developmental variations.

Therefore,
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the number of items to use is of interest in the design of
material for therapeutic application at different develop
mental levels.

The present study hoped to provide prelimi

nary data in this area.

Research Goals

1.

This study provided data comparing the results of

visual sequencing using high-associational stimuli to the
results on the standardized auditory, sequencing portion of
the DAPST, again using high-associational stimuli.

The

literature presented suggested that the span for visual
sequential items at given developmental levels was longer
than the span for auditory items.

That difference was ex

pected to. be found in this study.
2.

The present study explored the potential for the de

velopment of normative data that would eventually apply to an
assessment tool for visual sequencing ability.

This prelimi

nary normative data was compared to the already existing data
for auditory sequential skills as measured by the DAPST.

The

norms now available based on the DAPST revealed that auditory
sequencing ability continued to. improve throughout the age
groups from five to twelve.

The present study expected to

find a similar trend for visual sequencing ability.

It was

felt that a comparison of visual and auditory sequencing
ability would reveal that visual sequencing ability was b e t 
ter than auditory sequencing ability at each age level tested.
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3.

In this study both the auditory and visual short

term sequential memory tests was presented to each subject.
Since these tests utilized the same stimuli, o r d e r ‘effects
would be assessed.

It. was predicted that the order o f .p re

sentation, whether auditory first, visual second or visual
first, auditory second, would not have a significant effect
on performance.

This assumption was based on minimizing

the effects of rehearsal on performance due to the number of
items presented and the dissimilar methods of presentation
for each test, procedure.
tained twenty items.

The visual and auditory tests con

They were proceeded by a fifty-item

training/familiarization procedure wherein the subject was
exposed to each test item individually.

It was hypothesized

that this procedure would have the effect of lessening the
impact of any single item when it was exposed during the test
procedure.

This would serve to lessen the recall for that

item by minimizing its interest value.
4.

This study.hoped to provide some evidence which

suggested the feasibility of eventually standardizing a
visual sequencing test based on the DAPST.

The literature

presented suggested the possible existence of two separate
short-term sequential memory stores.

If this paradigm was

acceptable, it did not seem unreasonable to assume that, if
differences were found between auditory and visual sequen
cing ability,, these differences might be a result of tapping
relatively discrete functions.

In that event the eventual
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development and standardization.of such a test appeared to
be of value.

CHAPTER XI

METHODS

Subjects

Subjects used for the present st-udy were randomly se
lected from first through sixth grade students enrolled in
the regular classroom at Lolo Elementary School, Public
School District #15, Lolo, Montana.

There were six groups,

each group representing an age level from 6.0 to 12.0 years.
These groups were as follows:
Mean Ages
1.

6.0 to 7.0

6 years

.5 months

2.

7.1 to 8.0

7 years

5 months

3.

8.1 to 9.0

8 years

6 months

4.

9.1 to 10.0

9 years

7 months

5.

10.1 to 11.0

10 years

5 months

6.

11.1 to 12.0

n

years

3 months

Numbers were assigned from a Random Numbers Table
1964)

to all of the members of the six age groups.

(Karlinger,
Using the

random numbers assignments, ten subjects were selected from
each group based on the following criteria.
1.

Only those children who scored ho lower than
three months below age level on the Peabody
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Picture Vocabulary Test
further considered.

(Dunn, 1959) were

This measure was used

as a screening device, by Aten

(19 72) in

standardizing the Denver Auditory Phoneme
Sequencing Test.

For that reason it was .

chosen for the same purpose in the present
s tud y.
No children receiving special services out
side the regular classroom were considered
for the present study.

Special services for

the purpose of this study.were considered to
include speech and language therapy, resource
room help, members of a self-contained
special classroom and those children who
did not pass the visual screening test .pre
viously administered by school personnel.
Only those children receiving a score of
forty-eight items correct out of fifty
possible items bn the discrimination/familiarization portion of the DAPST were con
sidered for this study.

The administration

of the discrimination/familiarization portion
of the DAPST

(fifty items)

required the

examiner to introduce the test by saying:
"I want to play a picture game with you."
The examiner pointed to each and said:

"I
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will say a word.

I want you to point to the

picture of the word I have said.
_______ . "

Point to

When the subject made the desired

response, the examiner said:"GoodI

This is

a _____________ The examiner then proceeded
to the administration of the discrimination/
familiarization items.

If the child identi

fied forty-eight out of fifty items correctly,
he became a subject in the study.

At that

time the sequencing test was begun.

Children

who did not meet each of the above criteria
were not selected for the present study.

A

total of seventy-two subjects out of 95
screened who met the selection criteria form
ed the sample.

Each of the six age groups

was composed of twelve subjects.

These groups

were divided equally according to the order
of presentation and sex.

Half of the subjects

in each group were given the auditory portion
followed by the visual portion and half were
given the visual portion followed by.the
auditory portion.

The division of subjects

by sex resulted in equal numbers of males
and females in each group..

(For a distribu

tion of subjects by age, grade and sex, see
Appendix A.)
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Procedures

Each child selected was individually administered the
DAPST, according to the administration procedures outlined by
Aten in the DAPST manual

(Aten, 19 72).

Each child was then

administered a modified visual version of this test.

The

test construction for the modified visual sequencing portion
was as follows:
1.

The same stimulus material used in. the auditory
portion of the test was employed.

This con

sisted of the same pictures used as response
plates for the DAPST as now constructed.

The

stimulus items used and the order of presen
tation were identical to the DAPST.
2.

The mode of presentation was visual.

The

stimulus items were arranged in two to six
span sequences and mounted on slides.

Twenty

slides in all were used representing the span
sequences.

The sequence of visual items was

identical to the sequence of items on the
auditory portion of the test.

The slides

were inserted into a tachistoscope-like device.
The child was seated in front of the viewing
window which, was long enough to expose one
item at a time.

The device was constructed

in such a way to insure that items on the
slide were visible only when viewed through
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the window.

The subject was shown each item

for .5 seconds.

The .5-second duration was

based on the presentation interval used on
the auditory portion of the DAPST, which calls
for the presentation of words at .5-second
intervals.
3.

Response was contingent on completion of the
span sequences.

The. child was at that time

shown the plate

(those presently used in the

\ 1

DAPST as response plates), and required to
make a motor
4.

(pointing)

response.

Scoring, was as outlined by Aten in the DAPST
manual, and p r e s e n t e d .below in the Scoring
section.

Administration

1.

Turning to the first sequential plate

(items 51-70),

the examiner said, " N o w you will hear more, than one word.
.Listen carefully to all of the w o r d s .

Look at all of the

/pictures, point to the pictures that go with the words in the
same order that you heard them."
saying,

_______ _, point to the pictures in the same order

you heard them."
lus plate.)

The examiner continued by

(The examiner then exposed the sample stimu

If the response was correct, administration of

the test was begun.

If the response was incorrect, the ex

aminer used body parts:

for example,

"Point to your eyes,
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nose,

foot," etc.

to be sure that the child was acquainted

with the concept of ordering.

There were five different

span sequences with from two to six stimuli.
tion of each span series the examiner said,

At the comple
"Now you will

hear _______ words," etc.
2.

For the visual sequencing section the examiner in

structed the child in the following manner,

"Now you will see

some pictures in the window {of the tachistoscope}.
each picture.

Look at

Remember what order the pictures are in, which

one comes first, second, etc."

(The examiner then exposed

the sample slide and said, "Look carefully at. all of the
pictures.")

(The- examiner then exposed the sample response

plate which had been out of the child's sight and said,
"Point to the pictures that are the same as the ones you
just saw, and point to them in the same order.")
ponse was incorrect,

If the res

stimulus training plate 2 was admin

istered using the same procedure until the child was acquaint
ed with the concept of ordering.
saying,

The examiner continued by

"Now look at these pictures"

(inserting a slide and.

exposing each stimulus item for .5 seconds).

The examiner

then exposed the response plate, which had been out of the
child's sight, and said, "Point to the pictures in the same
order that you just saw them in."
two-item span sequences,

At the completion of the

the subject was instructed that now

he would use three pictures in order and that he whs to point
to three pictures in the same order he saw them in.

The
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four-span,

five-span and six-span sequences were introduced

in a similar manner.
the examiner said,

At the completion of all twenty items,

"You did a good job.

remembered those pictures."

Tell me how you

It was hoped that some idea as

to the child's style of attack might be ascertained.

The

style was recorded in an attempt to discover if the child was
employing auditory sub-vocal rehearsal or maintenance of a
visual after-image.

Scoring

Three scores were obtained:

one for the discrimination

and familiarization portion of the DAPST; one for the audi
tory sequencing portion; and one for the visual sequencing
portion

(modified version of the present D A P S T ) .

The scoring

for each section was as follows:
1.

The discrimination/familiarization portion of
the DAPST was composed of the first, fifty items.
One point was given for each item and there
were fifty possible points.

As an example, if

a child missed three items, his score was 47.
The score on this portion of the test was used
as one of the selection criteria.

This score

was not added to the scores received on the
sequencing portions of the test, and was not
analyzed statistically.
2.

The next twenty items

(51-70) measured ability

to hear two or more phoneme variations and
recall them in the correct order.

The examiner

scored the items by recording the serial res
ponse for each span.

Ceiling is reached when

all of the items at a given span level are
failed..

The following points are given for

items at each span level:

ITEMS

POINTS PER ITEM

TOTAL POINTS
PER SPAN

2 span lev el , 51-54

2

8

3 span level, 55-58

3

12

4 span level, 59-62

.4

16

5 span level, 63-66

5

20

6 span ievel, 67-70

6

24

Total possible points

80

No itemi was scored as correct, unless every word
(element) had been correctly responded to in
the presented order.
Scoring for the visual sequencing portion was
identical, to the procedures outlined for scor
ing on the auditory sequencing section of the.
DAPST.

The same scoring form was used

Appendix B ) .

(see

This allowed for comparison of

items most often missed, and a comparison of
serial position errors between auditory and
visual portions.

(A sample scoring form is

given in Appendix B ) .
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Statistical Analysis

Analysis was conducted using a three-way analysis of
variance with one repeated measure variable
presentation)

(the method of

and two between group variables

sentation and a g e ) .

(order of pre 

Significant interactions were analyzed

through a pair-wise multiple comparison using Seinef-fe con
trasts

(Kerlinger, 1964).

Using that statistic, all possible

pair-wise post hoc comparisons could be made.

Significant

interactions for the age variable were analyzed using a
simple Scheff£

test

(Winer, 19 71.) .

38

Design

Age Level
6-0 to 7-0

Order 1

AUDVIS

Age Level
7-1 to 8-0

Order 2

VISAUD

AUD

VIS

AUD

VIS

Age Level
10-1 to 11-0

Order 1.

AUDVIS

Order 2

VISAUD

Age Level
11-1 to 12-0
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For the sake of clarity, the data were tabled separately
according, to age grou ps , but the actual analysis of variance
assessed the difference between age groups, as well as order
and mode of presentation.

CHAPTER III
RESULTS

A. total of 144 raw scores were obtained from the 72 sub
jects who participated in the study.

(See Appendix C for the

raw scores for the auditory .sequencing test and the visual
sequencing test).

These raw scores were, subjected to a

three-way. analysis of variance,

(Kerlinger, 1973).

Table 1

presents the results of the analysis of variance.
The comparison of the auditory method of presentation
and the visual method of presentation showed, that a signifi
cant difference existed between the two.
value was 36.702

(p.<.05).

The resulting F

This revealed a significant

difference between the auditory sequencing mean of 27.097
and the visual sequencing mean of 34.236 for all age groups.
These results are presented in Table 2.

TABLE 2
METHOD OF PRESENTATION:
Measure

FOR ALL AGE GROUPS

Number of Raw Scores

Mean of Raw Scores

Auditory
Sequencing
Test

72

2 7.09 7

Visual
Sequencing
■Test

72

34.236

sum of squares = 18 34.69
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TABLE 1
THREE-WAY ANALYSIS OF VARIANCE

Source
Total

Sum of Squares
1657

df

Mean Square

111

Between Subjects
4273.50

Age

854.700

11.098

Order of pre
sentation

318.028

1

318.028

4.130

Age x order

189.806

5

37.961

.0.493

60

77.011

Error,
b

4620.67

0 .00001 *
0.0 4 392*
0.78211

Within Subjects
Method of pre
sentation

1834.69

.

.1

1834.69

36. 702

.00001 *

Age x method

917.039

5

183.528

3.671

.00602*

Order x method

300.444

1

300.444

6.010

.01628*

53.889

5

10.778

0 .216

.95313

Age x order x method
Error

w

2999.33

60

49.9889

Data was analysed at the .05 level of significance.
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The age. of the subject was found to have a significant
effect on performance for both the auditory and. visual
sequencing tests.

The resulting F value was 11.099' (p.<.05).

Table. 3 presents the mean scores which correspond to each age
group.
TABLE 3
AGE GROUPS: PERFORMANCE ON BOTH MEASURES CONSIDERED ,AS 1 MEAN

Age Groups

No. Raw Scores

Mean of Raw Scores

SD

6 years

24

20.20 8

6.124

7 years

24

28.833

7.619

8 years

24

30.875

8.268

9 years

24

32.708

10.0 89

10 years

24

38.000

10.5

11 years

24

33.375

9.59

sum of squares = 42 73.50
These mean scores were then subjected to a post hoc
Scheffe procedure,

(Winer, ,1971).

It revealed that the

eleven year old group differed significantly from the six
year old group, the ten year old group differed from the six
year old group, and that the nine year old group differed
from the six year old group.
were found.

No other significant differences

Figure I illustrates the mean scores, for the six

age levels considered in this study.
The order of presentation was found to have a signifi-

MEAN SEQUENCING SCORES

AGE
H
O

44
cant effect on performance, with a resulting F value of 4.130
(p.<.05),.

The mean for order one, auditory followed by vis

ual, was 32.15 3.

The mean value for order two, visual test

followed by auditory test, was 29.181.

These means are

shown in Table 4.

TABLE 4
ORDER OF PRESENTATION:
PERFORMANCE OF ALL AGE GROUPS IN 2.ORDER CONDITIONS

Order

Number of Raw Scores

Mean of Raw Scores

Auditory-visual

72

32.15 3

Visual-auditory

72

29.181

No significant interaction was found between the sub
jects age and the order of presentation for the two measures.
The age of the subject and the method of presentation
revealed a significant interaction, with a resulting F value
of 3.671

(p.<.05).

The mean scores for each of the six age

groups for both the auditory sequencing task and the visual
sequencing task are illustrated in Figure II.
The mean scores for these groups were subjected to a
post hoc Scheffe procedure,

(Winer, 1971).

It revealed that

the ten year old group differed significantly for method of
presentation.
ference.

None of the other groups showed such a dif 

The means.are presented in Table 5.

45

FIGURE II
MEANS FOR METHOD. OF PRESENTATION
BY AGE INTERVALS

50

MEAN

SEQUENCING

SCORES

45

40

35

30

25

20

15

6

7

8

AGE

Visual sequencing shown as _
Auditory sequencing shown as

9

10

11
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TABLE 5
AGE GROUP/METHOD OF. PRESENTATION:

jvisual
jof Raw

A u d ..Mean of
Raw Scores
I

No . Raw Scores

Age

Mean
Scores

PERFORMANCE OF ALL GROUPS OF EACH MEASURE

SD

SD

6 years

12 ea. measure

19 :75

6.623

20.667

5 .529

7 years

12 ea. measure

27.25

6 .2 9

30.417

8.448

8 years

12 ea. measure

28.333

. 6.92

33.417

8.713

9 years

12 e a . measure

29.167

10.101

36,25

8.805

10 years

12 e a . measure

29.833

5.145

46.16 7

7.5 7

11 years

12 e a . measure

28.25

5 .94 8

38.50

9.987

A significant interaction was found to exist between
the order of presentation for the two measures and the
method of presentation of the two measures.
was 6.010

(p.<.05).

The F value

Table 6 gives these values.
TABLE 6

ORDER OF PRESENTATION/METHOD OF PRESENTATION
PERFORMANCE OF ALL SUBJECTS ON 2 ORDER CONDITIONS
Order Conditions

Auditory Mean

Visual Mean

Auditory-visual

30.028

32.278 .

Visual-auditory

24.16 7

34.194

(
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The means were 'subjected to a post hoc Scheffe pro
cedure

(Winer, 1971).

The order two condition, visual test

followed by auditory test was shown to be significant.

No

significant effect was found for the order one condition,
auditory followed by visual test.
A significant interaction was not found to exist b e 
tween the.six age groups, the order of presentation of the
tests, and the method of presentation for the two measures.

CHAPTER IV

DISCUSSION

The present study was concerned with assessing visual
and auditory.short-term sequential memory skills in normal
children.

It was the contention of this .study that visual

short-term sequential memory was a. discrete function, and as
such was distinct from auditory short-term memory.
that Vere of high-associational value were used.

Stimuli
They were

presented both visually and auditorally to children between
the ages of six and eleven.
groups were formed.

From this population six age

These subjects were required to.recall

the stimuli in sequential order.
Sequencing Test
ing ability.

The Denver Auditory Phoneme

(DAPST) was used to assess auditory sequenc

Visual sequencing ability was assessed by a

measure which used the same stimuli as the DAPST but was
modified to allow for a visual as opposed to auditory method
of presentation.

Each subject was given both measures.

Half of the subjects received the auditory test followed by
the visual test, the other half were given the tests in the
reverse order.

The scores from the six age groups for the

two measures were then analyzed.
It was found that the method of presentation was
statistically significant.

This indicated that visual
48

sequencing ability was better than auditory sequencing ability
for the sample used in this study.

These subjects were,

better able to, recall in sequential order material presented
visually than they were material presented auditorally.

This

finding was predicted based on the literature presented in
the first chapter.

The difference between the methods of

presentation was found at each age level tested.

At each

age level tested the visual mean score was higher than the
auditory mean score.

A developmental trend was found for

both the auditory and visual mean sequencing scores.

Mean

scores at each age level progressively improved for both
methods of presentation through ten years.

The mean scores

for the eleven year old group were found to be lower than
the means for the ten year old group.

This difference was

especially pronounced for the visual method of presentation.
A statistically significant difference was found for the ten
year old group for visual Sequencing ability.
a finding that had not been predicted.

This peak was

It was felt that the

means would become progressively higher at each age level
reaching an asymtotic level above the age of eleven. . A t e n 's
(1973) data for auditory sequencing ability seemed to support
such a conjecture.

This study did not consider ages above

eleven, and therefore cannot report such a finding.

However,

these results may indicate that after the age of ten years
visual sequencing ability does not improve.
A possible explanation for the peak at ten years on the
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visual sequencing task might be the result of grade school
curriculum.

The subjects found in that group were by and

large in the third grade.

The emphasis is on graphic skills

during the first three years of school.

From the first

through the third grades learning to read and write are pro
bably the child's most important academic accomplishments.
By ten years of age, and after at least three years of school,
a child might be described as being competent in these a r e a s .
The data used in this study was collected in the late spring
at the close of the school year.

The subjects in the third

grade had completed the curriculum for that year.

It might

be conjectured that different results would have been obtain
ed had the data been collected at the initiation of the. school
year, perhaps minimizing the peak observed at 10 years of
age.

They did not differ significantly from the means for

auditory sequencing achieved at the other five age levels
tested.

The visual mean score for the 10 year old group did

differ significantly from all other groups.

The peak this

study found may be indicative of the visual orientation of
the subjects at this age level.

Sequencing ability might

then be described as being improved when a visual method of
presentation is used.

Although mean scores for auditory

sequencing in this study were highest at ten years of age,
they were not significantly different, as were the visual
mean scores.

In Aten's

(19 73) study, auditory sequencing

ability continued to improve through twelve.years of age.
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The difference between his results and those found in the
present study might indicate that the sample used was too
limited.

In this case the results at the ten year level

might not be repeated were a larger sample used.
used by Aten

The sample

(19 73) was many times greater than the popula

tion used in the present study, which might explain the dis
crepant results.
Two orders of presentation conditions were used in this
study.

The first was the auditory test followed.by the

visual test.

The second order of presentation Was the vis

ual test followed by the auditory test.,

A significant inter

action was found for the second order of presentation.

This

indicated that auditory sequencing ability was significantly
poorer when the auditory measure was presented after the vis
ual measure.

The mean for the.visual test was approximately

equal for both order conditions.

This indicated that the

visual sequencing task was not affected by the order of pre
sentation, but that the auditory sequencing task was when it
was presented second.

This finding suggested that when both

measures are being given at the same time, the auditory test
should be given first.

This would avoid order effects which

might affect performance.

A possible explanation for this

finding might be that the auditory sequencing test was more
subject to fatigue on the part of the child than was the vis
ual sequencing test.

This may have caused the relatively

poorer scores when the visual test was given first-

Another
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possible explanation might have been the subjects response
to the visual task-

Several .subjects reported that they

felt that the visual task was fun to do.

No such statements

were made in relation to the auditory sequencing task.

The :

subjects professed interest may have positively affected
their performance, in part accounting for the relatively
better scores.
Of interest to the present study was the way in which
the subject’s rehearsed the stimuli.

It was stated in the

first chapter that one characteristic of visual short-term
memory was the presence of a visual after-image.

This was

described as a pictoral trace that remained after the removal
of the stimuli.

It was felt by Mackworth

(1962)

that this

after-image represented only the last item presented.

For

this reason, it might not aid recall unless the visual items
were presented in blocks or a spatial orientation.
present study,

In the

the visual items were presented temporally,

or as single items at timed intervals.

This was done in an

effort to make presentation of auditory and visual stimuli
as comparable as possible.

For this reason, the use of an

after-image as a means of rehearsal may not have been a
factor in this study.
In an effort to determine what method of rehearsal was
used by the subjects in this study, at the completion of the
test administration each subject was questioned as to how he
had remembered the stimuli.

Several could not express their.
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method of rehearsal.

Of those v/ho answered, auditory sub

vocal rehearsal was consistently used for auditory items.,
(A typical response was:
"I said what they were.").

"I said the names to myself." or
For visual items many subjects

used sub-vocal rehearsal, others reported the presence of a
pictoral trace

(possibly an after-image).

similar to the following:

(Responses were

"I kept a picture in my head." or

"I saw the pictures in my mind.")

A third group reported

that they used a combination of the two.

These subjects des

cribed a rehearsal method that consisted of saying the words
and remembering the picture simultaneously.
were:

(Some responses

"I thought of what they were arid saw the pictures.",

or "I said the word and remembered the picture.")

.This group

generally proved to be the most successful on the visual
sequencing task.

This particular method Of rehearsal might

be unique to short-term memory.

This combination may be as.

distinctive to recall for visual stimuli as is: sub-vocal
rehearsal for auditory stimuli.
This particular manner of rehearsal might also afford
an explanation of the relative success on the visual sequenc
ing task by the subjects in this study..

In this case, the

subjects wouid have had two methods of rehearsal at their
disposal.

Auditory sub-vocal rehearsal might provide a

linguistic referent for the visual image that is then recalled.
This process might have improved retention and recall for the
visual items.

For the auditory stimuli.only one method of
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rehearsal was reported.

This difference between methods of

rehearsal may have accounted for the subjects performance on
the two measures.

A further exploration of this effect would

be of interest in any future investigations.

C H A P TE R V

SUMMARY AND CONCLUSIONS

This study was concerned with assessing visual and
auditory short-term sequential memory skills in normal child
ren in order to determine if relatively discrete functions
were being tapped.

A measure assessing visual sequencing

ability, as well as, a measure assessing auditory sequencing
ability was given to each subject.

The auditory sequencing

measure used was the Denver Auditory Phoneme Sequencing Test,
(DAPST).

Visual sequencing ability.was assessed by a measure

which was based on the DAPST but was modified to allow for.a
visual method of presentation.

It was of interest to the

present study to explore the potential for the establishment
of normative data that would eventually apply to such a
visual sequencing test.

Seventy-two subjects between the

ages of six and eleven who were .judged to have normal lang
uage skills were given the two test measure.
conditions were used.

Two order

Thirty-six subjects were given the

auditory test followed by the visual test and thirty-six
subjects were given the visual test followed by the auditory
test.

One hundred and forty-four raw scores were collected

and subjected to a three-way analysis of variance.
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The results of the analysis of variance revealed that
sequencing ability was better using a visual method of pre
sentation.

These results seemed to support the contention

that visual sequencing ability was distinct from auditory
sequencing ability in this study.
A developmental trend was found for both visual and
auditory sequencing.
years of age.

Mean scores increased from six to ten

At eleven years of age, the mean score was

slightly lower than was the mean for the ten year old group.
At all age levels tested, the visual sequencing mean was
superior to the auditory mean.

It was felt that this support

ed the prediction that a developmental trend would be found
for visual sequencing ability.
The order of presentation for the two measures was
found to be significant only when the auditory sequencing
test was presented after the visual sequencing test.

For

this reason, it was felt that if both measures are given,
the auditory test should precede the visual test.
It was felt that the results found indicated the feasi
bility of developing normative data for such a test assessing
visual sequencing ability.
It is recommended that future research explore a greater
age range in order to determine whether or not an asymptotic
level is found for visual se'quehcing ability.

It is further

recommended that a larger sample be used at each age level
studied.

The somewhat discrepant results achieved in the
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present study might be explained by another investigation in
t h i s .m a n n e r .
Another suggestion would be the modification of the
instrumentation used in this experiment.

It was found that

the tachistoscopic-like device used to present the visual
stimuli was somewhat cumbersome and might not be entirely
accurate.

A true tachistoscope which would flash the items

on a screen at one half second intervals is one possible
suggestion.

Another is to construct a circular device with

a viewing window through which the. stimuli could be seen.
This would involve arranging the.items on a circular disc
for presentation.
discs.

Response plates could.also be mounted on

The benefit of such an approach would be to further

eradicate any special orientation in the presentation of test
stimuli.
Future research might also concern itself with.the
possible methods of rehearsal for visual stimuli.

Some evi

dence was found which might suggest that for visual stimuli
recall was aided by a somewhat unique method of rehearsal.
This method involved a combination of auditory sub-vocal
rehearsal which seemed to help restore the visual images.
Future evidence concerning such an effect might add to know
ledge of the processes involved in short term memory.
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APPENDIX A
Distribution of Subjects by Age, Grade and Sex

Grad

6-8
6-9
6-11
6-5
6-10
6-4

1
1
1
1
1
1

7
8
.9
10
11.
12

6-11
6-11
6-10
6-10
6-11
.6-11

11
1
1
1
1

13
14
15
16
17
18

7-8
7-0
7-7
7-3
7-6
7-9

.2
1
1
1
1
2

19
20
21
22
23
24

7- 3
7-5
7-6
7-2,
7-5
7-11

1
2
1
1
1
.2

25
26
27
28
29
30

8-6
8-1
8-9
8-7
8-7
8-1

2
2
3
3
3
2

31
32
33
34
35
36

8-2
8-6
8-9
8-8
8-8
8-10

2
3
3
3
3
3

S

.

*JHj*d-£££-.*JH3Hj.£.££

^ H j h r j s s s

hd .* i ^

£

£

£

lt

£

£

£

1
2
3
4
5
6

Sex

£

Age

£

Subject
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

9-1
--5 ,
9-8
9-9
9-11
9-9
9-8
9-7
9-8
9-10
9-2
: 9-8
10-5
10-11
10-11
10-2
10-0
10-0

3
3
3
4
4
4
3
3
3
4
3
4
4
5
5.
4
4
4

10-8
10-8
. 10-8
10-4
10-5
10-0

•4
4
4
4
4
4

61
62
63
64
65
66

11-2
11“ 7
11-2
11-6
11-2
11-2

5
5
5
5
5
5

67
68
69
70
71
7.2

11-6
11-4
11-1
11-2
11-0
11-3

5
5
5
5
5
5

5556
57
58
59
60

61

APPENDIX B
Scoring Form
Name

Age

School

Date Tested

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
2 3.
24.
25.

Bed
Pan
Zip
THumb
WHip
Mail
Ring
Dog
CHain
Sun
Lake
SHop
Hose
Fan
Gum
Wing
Jail
Top
Nose
Kick
PLane
STRing
THRead
STair
TRain

26.
27.
28.
29.
30.
31.
32 .
33.
34.
35.
36 .
37.
38.
39 .
40 .
41.
42.
43.
44 .
45.
46.
47.
48.
49.
50.

(3)
(4)
(1)
(4)
(2)
(4)
(2)
(3)
(1)
(2)
(3)
(4).
(3)
(1)
(2)
(4)
(2)
(1)
(2)
Cl)
(4)
(3)
(1)
(3)
(4)

Grade

Birthdate

roPE
(4)
diVE
(3)
beaR
(1)
baTH
(3)
(2)
siCK
coMB
(1)
siNG
(3)
maTCH (2)
lauGH (4)
(2)
roSE
buG
Cl)
baDGE (4)
caN
(3)
beLL
(2)
roBE
(3)
buS
(2)
coaT
(3)
caSH .(4)
roaD
(1)
beLT
(4)
laMP
(3)
maSK
(1)
diMES (4)
baNK
(2)
roaST (3)

Hearing Acuity

.Discrimination

Sequencing Aud

Vis

Span Auditory

Sequencing Test 1
-

Lake
Nail
beaR
buS

(2- 3)
(3- 1)
(2- 1)
(3- 2)

51.
52.
5 3.
54.

Rake
Sail
beLL
buN

55.
56.
57.
58.

SHip - Zip - Lip
Man - Pan - Fan
bowL - bowS - boaT
lauGH - laMB - laP

59.
60.
61,.
62.

Rain - CHain - PLane
Cake - Lake - Bake caP - caSH - caTCH roBE - roLL - roaD -

(3-1-4)
(3-4-1)
(2-1-4)
(4-2-1)
- Cane
SHake
caN
roaST

(4- 1-6-5)
(4- 2-1-5)
(2- 4-6-5)
(6- 1-2-5)

Visual

62
63.
64.
65.
66.

Rat - Hat -Cat - Sat - Bat
Tail - Jail - Mail - Sail - Nail
baDGE - baCK - baT - baTH - baG
coaT - coMB - coKE - coaCH - coLD

(3-6-1-4-2)
(5-1-4-6-3)
(5-2-1-6-4);
(4-5-3-6-2)

67. Nose - Rose - Hose - Bows - CLothes - Toes
(3-1-5-4-2-6)
68. STRing - Sihg - King - Ring - Wing - Swing
(3-5-2-1-6-4)
69. roPE - roLL - roBE - roaST - roaD - roSE
(6-1-4-5-2-3)
70. caN - calF - caTCH - caSH - caT - caP
(5-3-6-4-1-2)

Sequencing Test 2
51.
52.
53.
54.
55,
56 ,
57.
58.

Rake Sail beLL buN -

Lake
Nail
beaR
buS

(2-3)
(3-1)
(2-1)
(3-2)

SHip r Zip - Lip
Man -. Pan - Fan
bowL - bowS - boaT
lauGH - laMB - laP

(3-1-4)
(3-4-1)
(2-1-4)
(4-2-1)'

59. Rain - CHain - PLane
60. Cake - Lake - Bake 61. caP - caSH - caTCH —
62. roBE
roLL
roaD
63.
64.
65.
66.

- Cane
SHake
caN
roaST

(4-1-6-5)
(4-2-1-5)
(2 — 4 — 6 — 5)
(6-1-2-5)

Rat - Hat - Cat - Sat - Bat
Tail - Jail - Mail
-Sail - Nail
ba DGE - baCK - baT -baTH - baG
coaT - coMB - coKE
-coaCH - coLD

67. Nose - Rose

Hose — _
Bows
_

(3-6-1-4-2)
(5-1-4-6-3)
(5-2-1-6-4)
(4-5-3-6-2)

CLothes - Toes
(3-1-5-4-2-6)
Sing - King - Ring'- Wing - SWing
6 8 . STRing
(3-5-2-1-6-4)
69. roPE - roLL - roBE - roaST - roaD - roSE
(6-1-4-5-2-3)
70 . caN - calF - caTCH - caSH - caT - caP
(5-3-6-4-1-2)
Manner of attack:
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APPENDIX C
Raw Scores for All Subjects on Each Test Measure

Subject
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
2.0
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Age
Group

Auditory
Sequencing

Visual
Sequencing

Order

6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8
8
8
8
9
9
9
9
9
9
9
9

15
14
21
17
14
8
24
25
29
21
32
17
24
23
21
38
28
17
25
33
27
21
30
38
24
25
20
24
32
29
35
46
32
21
28
24
33
17
26
29
25
17
21
41

24
21
20
8
26
18
20
17
20
32
18
24
23
28
24
35
44
20
28
29
44
18
40
32
31
29
20
28
41
33
39
30
33
20
43
34
47
33
32
32
.37
33
32
39

AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
.AUD-VIS
AUD-VIS
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
VIS-AUD.
VIS-AUD
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

9
9
9
9
10
10
10
10
10
10
10
10
10
10
10
10
11
11
11
11
11
11
11
11.
11
11
11
11

21
38
52
30
28
33
23
20
33
28
29
39.
: 37
32
28
28
28
22
35
23
24
28
24
32
21
41
24
35

28
47
54
21
.38
33
58
51
53
47
54
47
33
46.
47
47
32
24
39
43
28
58
38
28
49
32
38
33

VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
AUD-VIS
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
VIS-AUD
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